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SMEsThis study focuses on how the interplay between a ﬁrm's absorptive capacity (ACAP), and its technological and
customer relationship capability contributes to its overall performance. Using structural equation modeling in a
sample of 158 ﬁrms (316 questionnaires, two respondents per ﬁrm) from South Korea's semiconductor industry,
weﬁnd that aﬁrm's ACAP leads to better performance in termsof newproduct development,market performance
and proﬁtability when used in combination with the ﬁrm's capability to engage state of the art technologies in its
new product development program (NPD) (technological capability) as well as cultivate strong customer
relationships to gain customer insight in NPD (customer relationship capability). By highlighting the interactive
nature of absorptive capacity's antecedents and how these relate to ﬁrms' performance, this study contributes
to the understanding of the role of ACAP as amechanism for translating external knowledge into tangible beneﬁts
in high-tech SMEs, thus leading to important theoretical and practical implications.
© 2015 Elsevier Inc. All rights reserved.1. Introduction
In today's knowledge-intensive business environment, it is impera-
tive for ﬁrms to acquire and use external knowledge to advance innova-
tion and enhance performance (Abecassis Moedas & Mahmoud Jouini,
2008; Lane, Salk, & Lyles, 2001). Easy to say, hard to put into practice.
The journey from the acquisition of knowledge to its productive use is
not easy and many ﬁrms struggle (Hull & Covin, 2010; McGrath,
2001), especially those working in high-technology industries
(Rothaermel & Deeds, 2004; Smith, Collins, & Clark, 2005). To address
this, ﬁrms need to develop their absorptive capacity (ACAP) (Cohen &
Levinthal, 1989, 1990), a notion that is increasingly being recognized
as a source of competitive advantage (Jansen, Van den Bosch, &
Volberda, 2005; Tu, Vonderembse, Ragu Nathan, & Sharkey, 2006;
Zahra & George, 2002). ACAP is the ﬁrm's ability to utilize externally
held knowledge through three processes of exploratory learning, trans-
formative learning and exploitative learning (Lane, Koka, & Pathak,
2006).
Realizing that ﬁrms vary in the successful utilization of knowledge
(Cassiman & Veugelers, 2006; Escribano, Fosfuri, & Tribó, 2009),
scholars have urged for more research to elucidate the character, ante-
cedents/determinants and outcomes of ACAP (Lane et al., 2006;. Tzokas), yakim@essex.ac.uk
c.uk (H. Al-Dajani).
sorptive capacity and perform
agement (2015), http://dx.doiTodorova & Durisin, 2007; Zahra & George, 2002). Recent calls have
directed attention to integrated approaches whereby ACAP is perceived
not in a vacuum but within the wider context of a ﬁrm's effort to devel-
op and commercialize innovations (for example, Cepeda Carrion,
Cegarra Navarro, & Jimenez Jimenez, 2012; Fernhaber & Patel, 2012;
Kostopoulos, Papalexandris, Papachroni, & Ioannou, 2010; Vega
Jurado, Gutie´rrez Gracia, & Ferna´ndez de Lucio, 2008; Volberda, Foss,
& Lyles, 2010; Zhou & Wu, 2010). Embracing such an integrated
approach and drawing lessons from amarketingmanagement perspec-
tive, the recipe for competitive success in the development and com-
mercialization of new products is best reﬂected, among other things,
in a balanced attention to the technological and customer related
aspects emerging in the innovation or new product development
(NPD) process (Baker & Sinkula, 1999; Cooper & Kleinschmidt, 1995;
Morgan, Vorhies, & Mason, 2009). To achieve this, ﬁrms invest heavily
in acquiring, among other things, two seemingly distinct but inextrica-
bly linked capabilities: ﬁrst, technological capability (TC) which allows
ﬁrms to perform technical functions, such as R&D through the use of
state of the art technologies thus producing technologically superior
products (Teece, Pisano, & Shuen, 1997). Secondly, customer relation-
ship management capability (CRC) which, allows ﬁrms to create strong
customer relationships enabling customer insight and customer focus in
the new product development activity (Day, 2002).
Thus, it may seem reasonable to assume that innovation perfor-
mance is associatedwith organizational contextswhere there is synergy
amongst the ACAP of the ﬁrm and its TC and CRC. Or in practical terms, itance: The role of customer relationship and technological capabilities
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technologically superior products (TC) while capitalizing on a deep
understanding of its customer base (CRC), the higher will be its capacity
to explore, integrate and exploit (ACAP) external knowledge, and by
implication the better its product, market and ﬁnancial performance
will be.
However, to the best of our knowledge, the relationship between a
ﬁrm's technological and customer relationship capabilities and ACAP,
and their synergistic effect upon performance, is yet to be tested empir-
ically. Studies which link capabilities with ACAP have focused on IT
capabilities (Liu, Ke,Wei, & Hua, 2013), knowledge creation capabilities
(Su, Ahlstrom, Li, & Cheng, 2013), or political networking capabilities
(Kotabe, Jiang, & Murray, 2014). Zhou and Wu (2010) show that
while TC fosters exploitation, high level of such capability impedes
explorative innovation, whereas Afuah (2002) suggests a positive rela-
tionship between TC and exploration. Thus, we still lack an understand-
ing of the relationship between TC and ACAP, and indeed CRC and ACAP
where we also struggled to ﬁnd a study. In the absence of a systematic,
empirical testing of these relationships, we cannot be conﬁdent about
how TC and CRC affect ACAP and synergistically contribute to organiza-
tional performance. This gap needs to be addressed because a ﬁrm's
technological and customer relationship capabilities are becoming cru-
cial to produce new products and services in order to respond to the
dynamic market needs (see Handﬁeld & Bechtel, 2002; Hsieh & Tsai,
2007).
The other end of the successful application of ACAP is organizational
performance (Escribano et al., 2009). Given that ACAP is a resource con-
suming process, to provide further credence to the role it plays in
extracting value from a ﬁrm's resources (Camisón & Forés, 2010;
Escribano et al., 2009), more evidence is needed on ACAP's relationship
with a ﬁrm's performance (Kostopoulos et al., 2010), especially in the
context of high-technology industries. Our paper addresses this level
by researching these issues in a sample of SMEs from the South
Korean semiconductor industry.
The following section provides the theoretical background and rele-
vant literature support for our hypotheses. After that we explain the
research methods employed to address these hypotheses and we con-
clude with a discussion of the study's results and associated theoretical
and managerial implications.
2. Theoretical background and hypotheses
2.1. Absorptive capacity
Firms are confronting an ever changing and increasingly complex
environment (Grant, 1996; O'Connor, 2008). ACAP enables ﬁrms to bet-
ter respond and persist in such dynamic complexity (Cohen & Levinthal,
1989, 1990). It acts as a funneling or screening mechanism to produc-
tively utilize external knowledge for organizational advantage (Lane &
Lubatkin, 1998; Zahra & George, 2002). This utilization involves a
pathway from the identiﬁcation and acquisition of external knowledge
(exploratory learning), through its assimilation, understanding and
retention (transformative learning) to its transmutation and application
(exploitative learning) (Lane et al., 2006). While there are other ACAP
frameworks available (e.g. Zahra & George, 2002), we use Lane et al.'s
(2006) framework because its focus on exploration as well as exploita-
tion and the combination of the two through transformative learning is
particularly useful in the context of organizations that promote new
innovations and new products/services (see Gebauer, Worch, &
Truffer, 2012), such as the SMEs that we focused on.
In exploratory learning, ﬁrms capitalize on the available knowledge
(Jansen et al., 2005; Lane et al., 2006). Exploratory learning requires
ﬁrms to continuously scan the environment to identify and collect
industry information, observe technological trends and identify sources
of new knowledge. This exploratory search enables organizations to
expand their horizon and acquire new knowledge from externalPlease cite this article as: Tzokas, N., et al., Absorptive capacity and perform
in high-tech SMEs, Industrial Marketing Management (2015), http://dx.doisources. However, knowledge acquisition is a necessary, but not sufﬁ-
cient condition for knowledge application (McGrath, 2001). In the con-
text of problem solving competence, Atuahene Gima and Wei (2011)
argue that the mere generation of market knowledge will not affect
new product performance unless project members have the ability to
apply and use knowledge (Cassiman & Veugelers, 2006; Daft & Weick,
1984).
However, the pathway from the exploration of knowledge to its
application requires knowledge to be analyzed, understood and
retained (Argote, McEvily, & Reagans, 2003; Garud & Nayyar, 1994).
This is achieved through transformative learning (Lichtenthaler,
2009). For this, organizations need to be proﬁcient in quickly under-
standing and absorbing knowledge (see Brown & Duguid, 1991). The
knowledge that the ﬁrm assimilates in this process needs to be carefully
stored and managed (March, 1991) as well as reactivated (Marsh &
Stock, 2006) for later use and exploitation (Lane et al., 2006). Critical
to this reactivation is a well functioning knowledge management sys-
tem (Iske & Boekhoff, 2002).Moreover, in the current dynamic environ-
ment (Theodosiou, Kehagias, & Katsikea, 2012), time is a critical
element. Firms, therefore, need to constantly analyze and interpret
changing market demands and quickly understand new opportunities
in order to translate these into competitive products.
Finally, knowledge application and use requires ﬁrms to be proﬁ-
cient in translating knowledge into new products and services. Exploit-
ative learning of ACAP captures this translation process (Lane et al.,
2006) through the transmutation of knowledge assimilated earlier
and its subsequent application (Lichtenthaler, 2009). This translation
is a dynamic rather than static process, involving frequent interactions
within and outside the organization (Molina Morales & Martínez
Fernández, 2010)whereﬁrms share expertise and capabilities, and sub-
sequently improve and reﬁne knowledge. Firms in this process require
receptivity to new ideas (Tajeddini & Trueman, 2008) to regularly
apply new knowledge in new products. Firms are also required to con-
tinuously learn (Lane et al., 2006) from their experiences and those of
others to exploit knowledge better. Since learning is a self reinforcing
process of knowledge creation (Akbar, 2003; Glazer, 1991), it makes it
easier for ﬁrms to implement new knowledge. As such ACAP increases
the speed at which ﬁrms can innovate (Lane et al., 2006).
2.2. Technological capability, absorptive capacity and performance
Technological capability is the ability to perform any relevant techni-
cal function or volume activity within the ﬁrm including the ability to
develop newproducts and processes, and to operate facilities effectively
(Teece et al., 1997). Technological capability is becoming extremely im-
portant because responding to dynamic market needs requires the de-
velopment of new products that are increasingly nested in new
technologies (Hsieh & Tsai, 2007) and such technologies change very
rapidly (Handﬁeld & Bechtel, 2002), thereby necessitating ﬁrms to
keep abreast with this technological change. Firmswith well developed
technological capabilities tend to be high performing (Lavie, Kang, &
Rosenkopf, 2011; McEvily, Eisenhardt, & Prescott, 2004) because mas-
tering state of the art technologies allows them to pioneer in process in-
novations leading to competitive advantage through efﬁciency gains
(Teece et al., 1997). They are also more innovative (Afuah, 2002) and
can achieve higher differentiation by innovating products in response
to the changing market environment (Teece & Pisano, 1994; Verona,
1999).
Technological capability relates to ACAP's exploratory, transforma-
tive and exploitative learning (Liu et al., 2013; Zhou&Wu, 2010). Devel-
oping a ﬁrm's technological capability requires investments in R&D
which helps in the exploration of new innovations (Afuah, 2002).
When a ﬁrm develops its technological capability, it is more likely to
be receptive to new external information (Berkhout, Hartmann, &
Trott, 2010). This receptivity further increases the ability of the ﬁrm to
identify new technological developments and trends as a reinforcingance: The role of customer relationship and technological capabilities
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is able to discover new opportunities and respond to technological
changes increases (Rosenkopf & Nerkar, 2001; Veugelers, 1997). Thus,
the higher the level of technological capability, the higher is the ﬁrm's
likelihood of engaging in exploratory innovation (Lavie & Rosenkopf,
2006). At the same time, developing a ﬁrm's technological capability in-
volves knowledge to be accumulated and stored (Afuah, 2002). The ac-
cumulation of technological knowledge not only increases product
innovation skills, but also the ﬁrm's ability to engage in the transforma-
tion process through evaluation, use and implementation of new tech-
nologies (Zahra & George, 2002). Similarly, Rothaermel and Deeds
(2004) ﬁnd that an entrepreneurial venture with strong technological
capabilities tends to engage inmore exploitation alliances to gain access
to complementary assets such as manufacturing. As ﬁrms accumulate
more knowledge and experience, they become more efﬁcient in
deploying their existing knowledge (Benner & Tushman, 2003) and,
thus, generatemore exploitative activities due to the self reinforcing na-
ture of learning (Zhou&Wu, 2010). Thus, the higher the level of techno-
logical capability of the ﬁrm in a particular ﬁeld, the higher the
likelihood that it will foster more exploitation in that ﬁeld (Levinthal
&March, 1993). The role of technological capability to foster both explo-
ration and exploitation closely resembles the ambidextrous view of
learning and innovation. Ambidexterity in learning and innovation
combines exploration and exploitation even though the former requires
openness and divergence whereas the latter requires closure and con-
vergence (see Lin, McDonough, Lin, & Lin, 2013). Technological capabil-
ity by contributing both to exploratory and exploitative learning
promotes ambidexterity, thereby helping the ﬁrm to identify, evaluate
and select external information and technologies for adoption, that is,
its ACAP. At the same time, the technological capability could also be
associated with a ﬁrm's performance. Fernhaber and Patel (2012), for
example, in the context of complex innovations found that ambidexter-
ity, alongwith ACAP, enhances the beneﬁts of complex innovations and
mitigates the cost of associated with their increased complexity. Tech-
nological capability by promoting ambidexterity could contribute posi-
tively to the ﬁrm's innovative and ﬁnancial performance. Thus, we
suggest the following hypotheses:
Hypothesis 1. A ﬁrm's technological capability has a positive relationship
with its absorptive capacity.
Hypothesis 2. A ﬁrm's technological capability has a positive relationship
with its performance.2.3. Customer relationship capability, absorptive capacity and performance
Customer relationship capability is the ability of theﬁrm to establish,
maintain and harness value-based relationships with end users and
other stakeholders in the supply chain (Day, 2002; Mentzer et al.,
2001). With increasing competition, it is imperative for ﬁrms to adopt
a customer focus (Payne & Frow, 2005). Customer relationships require
ﬁrms to focus on key customers, as well as fully understand and satisfy
their needs and requirements on a continuous basis (Goldsmith, 2010).
The aim is for the ﬁrm to ensure customer retention and loyalty (Kumar
& Shah, 2004; Verhoef, 2003) based on customer satisfaction, which is a
key determinant in customers' decisions on whether or not to continue
a business relationship (Rust, Zahorik, & Keiningham, 1995). The key in
this process is the ﬁrm's ability to deliver value which matches buyer's
expectations and perception of a product's performance (Kumar,
Scheer, & Kotler, 2000). The greater thismatch, the greater the customer
satisfaction. However, the more this match occurs repeatedly, the more
customer loyalty is generated (Homburg, Koschate, & Hoyer, 2005;
Paulssen & Birk, 2007). The ﬁrm is therefore able to develop lasting,
long term customer relationships, based on cumulative customer satis-
faction over time (Reinartz & Kumar, 2000, 2002, 2003).Please cite this article as: Tzokas, N., et al., Absorptive capacity and perform
in high-tech SMEs, Industrial Marketing Management (2015), http://dx.doiCustomer relationship capability is an important source for a ﬁrm's
ACAP. The primary input of ACAP is external knowledge inﬂows
(Kostopoulos et al., 2010). ACAP also involves how this external knowl-
edge is used for exploring new ideas and integrating and implementing
these ideas (Lichtenthaler, 2009) for their translation into useful prod-
ucts and services (Zahra & George, 2002). Customer relationship capa-
bility enables the ﬁrm to do just that. It is inherently focused on
customers and by identifying their needs and requirements it essential-
ly involves a constant search for market knowledge (Berkhout et al.,
2010), which helps ﬁrms to select strategies to match these needs by
developing innovative products and services that deliver real value to
the customers (see Lane et al., 2006; Zahra & George, 2002). Tsai,
Chou, and Kuo (2008) note that absorptive capacity is enhanced when
ﬁrms have the skills and procedures to understand and satisfy the
expressed needs of current customers. Moreover, customer needs are
not static but are likely to be dynamic and thus evolve over time.
Thus, important in the value creation for customers is the continuous
adaptation of products and services based on their evolving needs
(Stringfellow, Nie, & Bowen, 2004). Customer relationship capability in-
volves a continuous process ofmarket search to identify customer needs
and changes in customer tastes and preferences.
Customer relationship capability is also likely to have an association
with a ﬁrm's performance. It is widely accepted that development of
strong relationshipswith customers, often through a customer relation-
ship management approach, is positively related with performance
(Reinartz, Krafft, & Hoyer, 2004; Ryals, 2005). Customer relationship
capability allows the ﬁrm to acquire knowledge about customers and
creatively use this knowledge to develop new products and services
(Anderson & Srinivasan, 2003; Ernst, Hoyer, Krafft, & Krieger, 2011).
Berkhout et al. (2010) note that the successful development and
diffusion of innovative new products usually stem from insights related
to understanding potential customers and their marketing needs.
Augusto and Coelho (2009) found that customer orientation is an
important driver of a ﬁrm's new to the world product innovation. Cus-
tomer relationship capability by helping ﬁrms to match products and
services with customer needs allows ﬁrms to deliver real value to the
customers, which in turn is likely to positively contribute to the ﬁrm's
performance. Thus, we suggest the following hypotheses:
Hypothesis 3. A ﬁrm's customer relationship capability has a positive
relationship with its absorptive capacity.
Hypothesis 4. A ﬁrm's customer relationship capability has a positive
relationship with its performance.2.4. Organizational performance and absorptive capacity
Firms that successfully search the environment and identify un-
addressed market gaps are likely to have an advantage over compet-
itors (Dickson, 1992), as they can better align their resource
deployments with their market environment (Eisenhardt & Martin,
2000). Therefore, one would expect that ﬁrmswhich have appreciat-
ed and developed their ACAP will be in a better position to capture
and utilize opportunities in a dynamic environment (Jansen, Van
Den Bosch, & Volberda, 2006) and translate these opportunities
into proﬁtable products and services (Escribano et al., 2009; Fosfuri
& Tribó, 2008; Lichtenthaler, 2009; Zahra & George, 2002). Barriers
to the development of ACAP could reduce agility and ﬂexibility of
the ﬁrm to respond to fast changing markets (Matthyssens,
Pauweis, & Vandenbempt, 2005). Following these suggestions, we
focus on ACAP's relationship with a ﬁrm's overall organizational per-
formance in terms of NPD program, customer satisfaction and ﬁnan-
cial performance.
An important aspect of a ﬁrm's performance is its NPD program.
Firms with well performing and efﬁcient NPD programs are more
likely than their competitors to create new products and servicesance: The role of customer relationship and technological capabilities
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Fig. 1. The conceptual model.
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involves the combination of external and internal knowledge of the
organization (Nonaka & Takeuchi, 1995; Nonaka, Toyama, & Hirata,
2008). Earlier, ACAP was associated with a ﬁrm's innovative capabil-
ities and innovation performance (Cohen & Levinthal, 1989, 1990).
Studies argued that ACAP increases both the frequency and speed
of innovations (Lane et al., 2006; Tsai, 2001). Firms with higher
levels of ACAP (or highly capable companies) have higher innovative
performance than those with lower levels of ACAP (or lowly capable
companies) (Chen, Lin, & Chang, 2009). While studies have identi-
ﬁed the positive association between ACAP and innovative perfor-
mance (number of new products introduced or annual sales from
new products) (Alegre, Sengupta, & Lapiedra, 2013; Kostopoulos
et al., 2010; Tsai, 2001), new product programs have received scant
attention in the literature (Lane et al., 2006). Only recently, Cepeda
Carrion et al. (2012) in an empirical study of 286 large Spanish com-
panies showed that ACAP is an important dynamic determinant for a
company's encouragement, support and acceptance to develop new
products and services. This role of ACAPmay also apply to high-tech-
nology ﬁrms. Nieto and Santamaria (2010) for instance, found that
technological collaboration for obtaining external knowledge is pos-
itively associated with a ﬁrm's innovativeness.
Another important aspect of organizational performance is cus-
tomer satisfaction. Firms that are responsive to fast changing cus-
tomer preferences (Theodosiou et al., 2012) are more likely to
perform well compared to their competitors (Srinivasan, Pauwels,
Sliva Risso, & Hanssens, 2009). Important in this process is the ability
of the ﬁrm to process market information (Hart, Tzokas, & Saren,
1999; Hult, Ketchen, & Slater, 2005). For instance, a ﬁrm's market
orientation, that is, the extent to which it engages in the generation,
dissemination and response to market intelligence related to current
and future customer needs (Kohli & Jaworski, 1990) enables the ﬁrm
to have a greater understanding of, customer wants and needs (Hult
& Ketchen, 2001; Jaworski & Kohli, 1993). ACAP by enabling ﬁrms to
identify, acquire, analyze, understand, and creatively apply external
knowledge (Lane et al., 2006), is likely to allow ﬁrms to carefully
select its customers, identify their needs, develop products tailored
to their needs, and communicate as well as deliver greater value to
their customers, thereby generating greater customer loyalty and
satisfaction.
Also important for ﬁrms is the proﬁtability of new products and
services. Proﬁtability is important because ﬁrms increasingly face
intense competition in markets (Calantone, Yeniyurt, Townsend, &
Schmidt, 2010) and a high rate of technological change (Eng &
Quaia, 2009). Thus, the ﬁnancial advantage from the innovations
could be crucial to the survival of the ﬁrm. However, such ﬁnancial
advantage is not always guaranteed (Baker & Sinkula, 2005), and
the number of new products that a ﬁrm is able to introduce may or
may not be the same as higher returns on investments (Tsai, 2001).
Firms that undertake investments in developing their ability to
explore, develop and exploit new products and services are more
likely to generate ﬁnancial beneﬁts, although with possible lag
effects (Cohen & Levinthal, 1990). Recent evidence suggests a posi-
tive relationship between ACAP and ﬁnancial performance (Lane
et al., 2006; Zahra & George, 2002). For instance, Kostopoulos et al.
(2010) found ACAP contributing directly as well as indirectly to
ﬁnancial performance. Lichtenthaler (2009) found a positive rela-
tionship between ACAP's exploratory, exploitative and transforma-
tive learning and ﬁnancial performance, with differences in levels
under different environmental turbulence.
Given ACAP's role in positively affecting a ﬁrm's overall performance
in terms of theNPDperformance, customer satisfaction andproﬁtability,
we suggest the following hypothesis:
Hypothesis 5. The absorptive capacity of a ﬁrm has a positive relationship
with its performance.Please cite this article as: Tzokas, N., et al., Absorptive capacity and perform
in high-tech SMEs, Industrial Marketing Management (2015), http://dx.doiFig. 1 below depicts the study's conceptual framework and illus-
trates the hypothesized relationships. As shown in the framework and
discussed earlier, we explore the overall assumption that the more a
ﬁrm has a clear ability to use various technologies (TC) and capitalize
on a deep understanding of its customer base (CRC), the higher its
capacity to explore, integrate and exploit (ACAP) external technologies
and the better its product, market and ﬁnancial performance (PERF).
3. Methodology
Primary data for this study were collected in 2011 at the Semicon
Korea and Led Korea annual exhibitions as they comprise South East
Asia's largest semiconductor industry events. Committed to the
manufacturing of advancedmicroelectronics, both exhibitions are orga-
nized by Semiconductor Equipment andMaterials International (SEMI).
Four overarching interconnected categories encompass the semicon-
ductor industry in South Korea; that is, integrated devicemanufacturers
(IDM), fabless manufacturers, foundry companies and, lastly, equip-
ment and materials manufacturers including assembly and packaging
ﬁrms. According to Invest Korea (2010), the semiconductor industry
accounted for 11.3% of the global market share in 2009, and in 2010, it
accounted for 10.9% of South Korea's overall exports.
A drop and collect survey method (Ibeh, Brock, & Zhou, 2004)
targeting the 408 exhibiting SMEs (employing less than 250 persons)
was employed at both exhibitions. Two informants per exhibiting SME
were identiﬁed and invited to complete a questionnaire. While the dis-
tributed ﬁnalized questionnaire was in Korean, the initial draft was pre-
pared andpiloted in English in theUnitedKingdom. The ensuing Korean
translationwas piloted in South Korea, amended accordingly andﬁnally
back translated to English by an independent bilingual speaker.
Completed questionnaires were collected at a time agreed with the
exhibitors on the last day of the exhibitions. Such an approach enabled
the highly effective 53.7% response rate equivalent to 219 SMEs. The
analysis in this study focuses on the sub sample of 158 SMEs (316 ques-
tionnaires) that are Korean owned and fabless. While we acknowledge
the limitations of this concentration, doing so enhanced the focus of
research and decreased heterogeneity of estimates issues (Bass, Cattin,
& Wittink, 1978).
Overall, the average age of the ﬁrms in our effective sample was
16.38 years, while 80% of the respondents in the effective sample
where CEOs (24%), senior managers (43%), managers (13%) or
employees (20%), with an average time with the ﬁrm of 4.97 years.
Variables were measured by means of Likert-type scales ranging from
1 to 5, where 1 = strongly disagree and 5 = strongly agree. Scales
were adapted or developed from existing literature (see Appendix A).
Absorptive capacity (ACAP) was based on questions adapted from the
works of Jansen et al. (2005), Todorova and Durisin (2007), and
Lichtenthaler (2009). Technological capability (TC) was measuredance: The role of customer relationship and technological capabilities
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(2004), Ortega (2010), and Zhou andWu (2010). Customer relationship
capability (CRC) was measured with a four item construct based on
insights from the works of Ryals (2005), Reinartz et al. (2004), and
Reimann, Schilke, & Thomas (2010). In both TC and CRC measures, the
scales used ranged from 1 to 5, where 1 = much worse than competi-
tors and 5 = much better than competitors. Lastly, performances of
the NPD program, market performance and proﬁtability compared to
major competitors (Scale 1 to 5, as in Vorhies and Morgan (2005))
were reﬂected in 12 items.
4. Analysis and results
The MPlus (www.statmodel.com) Exploratory Structural Equation
Modeling [ESEM] technique (Asparouhov & Muthén, 2009; Muthén &
Muthén, 2010) was used to establish the internal consistency of our
measures as it combines exploratory and conﬁrmatory factor analysis
in one procedure and avoids the problems associatedwith the tradition-
al two step process documented by Fornell and Yi (1992).
For a measurement model to have sufﬁciently good model ﬁt
(Fornell & Larcker, 1981), the root mean square error of approximation
(RMSEA) should be less than 0.08, the chi-square value normalised by
degrees of freedom (χ2/df) should not exceed 5, and the comparative
ﬁt index (CFI) should exceed 0.9. For the current CFA model, RMSEA
was 0.039, χ2/ df was 1.24 (χ2 = 304; df = 245), and CFI was 0.995,
suggesting adequate model ﬁt.
The convergent validity of the scales was veriﬁed based on the use of
the three criteria suggested by Fornell and Larcker (1981): all indicator
loadings should be signiﬁcant and exceed 0.7, construct reliabilities
should exceed 0.8, and average variance extracted (AVE) by each con-
struct should exceed the variance due to measurement error for that
construct. For the used CFA model, all loadings were above the 0.7
threshold. The composite reliabilities of the constructs ranged between
0.92 and 0.96, and AVE ranged from 0.87 to 0.93 (see Table 1). There-
fore, all the three conditions for convergent validity were met.
Discriminant validity was assessed using the guideline suggested by
Fornell and Larcker (1981): the square root of the AVE from the con-
struct should be greater than the correlation shared between the con-
struct and other constructs in the model. Table 1 lists the correlations
among the constructs, with the square root of the AVE on the diagonal.
All the diagonal values exceed the inter construct correlations.
We avoided commonmethods bias (Podsakoff &Organ, 1986) as fol-
lows. First, we used Harman's one factor test and no single one factor
was found. Second, dependent variables were included at the end of
the questionnaire to avoid post hoc rationalization. Finally, we collected
data from two informants in each ﬁrm. One informant provided infor-
mation about the absorptive capacity of theﬁrmwhile the second infor-
mant provided information about the performance of the ﬁrm
(dependent variable) and its technological and customer relationship
capability.Table 1
Composite reliability and discriminant validity.
Item Mean SD CR EL TL EXL TC CRC NPDP MP FP
EL 4.04 .77 .92 .87*
TL 3.89 .77 .93 .65** .91
EXL 3.78 .84 .95 .63 .77 .88
TC 4.00 .83 .96 .43 .53 .51 .93
CRC 4.14 .71 .94 .42 .51 .50 .74 .90
NPDP 3.98 .77 .96 .43 .53 .51 .65 .67 .92
MP 4.04 .66 .95 .45 .55 .54 .68 .70 .75 .91
FP 3.78 .70 .95 .33 .40 .39 .50 .51 .54 .57 .92
Squared Roots of AVE. Bold is in place to distinguish them from the correlation coefﬁcients
which are marked with ** and not bold.
CR= composite reliability, EL= exploratory learning, TL= transformative learning, EXL=
exploitative learning, TC= technological capability, CRC=customer relationship capability,
NPDP = NPD performance, MP: market performance, FP = ﬁnancial performance.
Please cite this article as: Tzokas, N., et al., Absorptive capacity and perform
in high-tech SMEs, Industrial Marketing Management (2015), http://dx.doiThe ﬁt statistics for the structural model had a satisfactory ﬁt to the
data, with CFI values larger than 0.90, an RMSEA value below .08 and
WRMR below 1.0. Speciﬁcally, ﬁt indices were as follows: CFI = 0.997,
RMSEA = 0.024 and WRMR = 0.73. Standardized path coefﬁcients
with associated errors in brackets are presented in the following Table 2.
Hypotheses 1 and 3 argued that (H1) the technological capability
(TC) and (H3) the customer relationship capability (CRC) of the ﬁrm
increase the ﬁrm's absorptive capacity (ACAP). We found support for
these hypotheses. Similarly, we found support for hypotheses 2, 4 and
5 where it was postulated that the technological (H2) and customer
relationship capability of the ﬁrm (H4) aswell as its absorptive capacity
(H5) enhance the overall performance of the ﬁrm.
Given the nature of the overall argument, we proceeded to test for
the mediating role of absorptive capacity on the relationship between
the technological and customer relationship capability of the ﬁrm
upon its overall performance. We used a technique recommended by
Preacher and Hayes (2004, 2008), which examines the indirect effect
between the predictor and the criterion variables through the
mediator(s) by employing a bootstrapping routine. The results of this
analysis are provided in Table 2, including estimates of the indirect
effects, along with the bias corrected bootstrapped conﬁdence intervals
for the mediated path estimates (MacKinnon, Lockwood, & Williams,
2004). These results conﬁrm the mediating role of absorptive capacity
albeit only for its mediation in the relationship between technological
capability of the ﬁrm and its overall performance.
Overall, the structural model provides conﬁrmation of the inﬂuence
of technological and customer relationship capability on the absorptive
capacity of the ﬁrm as well as their direct relationship with the ﬁrm's
overall performance. Moreover, the inﬂuence of absorptive capacity
on the overall performance of the ﬁrm was also conﬁrmed as well as
its mediation role in the relationship between technological capability
and overall performance of the ﬁrm.
5. Conclusions, implications and limitations
Based on Cohen and Levinthal's (1990) original deﬁnition of recog-
nizing, assimilating and applying external knowledge, the concept of
absorptive capacity (ACAP) has been diffused widely in management.
Despite such widespread acceptance, Sun and Anderson (2010) recent-
ly reiterated the need for more integrated approaches to ACAP and
stressed again earlier warnings about the dangers of theoretical frag-
mentation in organizational studies (Hambrick, 2004). As a result,
there is growing acceptance of the considerable value in researching
ACAP within the wider organizational fabric of the ﬁrm in a variety of
industrial contexts. In particular, the need to expand our understanding
of the antecedents of ACAP and its inﬂuence upon performance in the
context of SMEs operating in technologically intensive industries has
been advocated widely (Flatten, Greve, & Brettel, 2011; Fosfuri &
Tribó, 2008; Liao, Welsch, & Stoica, 2003).
The study reported here was guided by these considerations. Based
on its results, the study provides important evidence in support of the
interplay between absorptive capacity, technological and customer
relationship capability and their contribution to the ﬁrms' overall per-
formance. The structural pattern that emerged points to the fact that
better performance should be expected by ﬁrms that have managed to
accompany their effort to engage with externally held knowledge
with the lenses of a strong technological and customer relationship
capability. Interestingly, the best ﬁt model directs attention to the inter-
action between technological and customer relationship capability. The
mediating role of ACAP in the relationship between technological capa-
bility and performance was also conﬁrmed.
5.1. Theoretical contributions
In addressing the above mentioned gaps, this study contributes to
theory in four ways.ance: The role of customer relationship and technological capabilities
.org/10.1016/j.indmarman.2015.02.033
Table 2
Path coefﬁcients and indirect effects.
Path coefﬁcients Indirect effects
To ACAP To PERF Estimate 97.5% conﬁdence interval (Bootstrap, 2000, re samples)
TC 0.376 (.10) 0.305 (.10)
CRC 0.300 (.10) 0.396 (.10)
ACAP 0.293 (.08)
TC with CRC 0.743 (.05)
Fit indices: CFI = 0.997, RMSEA = 0.024, WRMR = 0.73.
Total TC→ PERF 0.415 (.10)
TC→ ACAP→ PERF 0.110 (.04) (0.023 0.198)
Total CRC→ PERF 0.484 (.10) (0.253 0.715)
CRC→ ACAP→ PERF 0.088 (.05) (0.008 0.184) *
TC = technological capability, CRC = customer relationship capability, ACAP = absorptive capacity, PERF = performance.
*No mediation effect.
6 N. Tzokas et al. / Industrial Marketing Management xxx (2015) xxx–xxxFirst, it advances our current understanding of organizational ante-
cedents impacting on ACAP and its inﬂuence upon the performance of
the ﬁrm. By investigating the effects of TC and CRC on ACAP, this study
introduces important organizational antecedents of ACAP which,
although postulated, have not been systematically investigated
(Cohen & Levinthal, 1990; Jansen et al., 2005; Lane et al., 2006; Van
den Bosch, Volberda, & de Boer, 1999). In doing so, our study provides
greater currency to the observation that ACAP is productively building
upon the internal resources of the ﬁrm (Lane et al., 2006; Zahra &
George, 2002). Furthermore, the identiﬁed interplay among technolog-
ical capability, customer relationship capability and absorptive capacity
provides safer ground for researchers advocating the need for higher
integration of ACAP with other important elements of the ﬁrm such as
organizational learning, resources and capabilities (see also Sun &
Anderson, 2010).
Second, it embeds absorptive capacity alongside well-established
capabilities that have been identiﬁed inmarketingmanagement as crit-
ical to the success of a ﬁrm's new product development activity. Such
positioning helps establish theoretical integration of the concept of
ACAP and the NPD activities of the ﬁrm, which in turn warrants under-
standing of its unique inﬂuence and by implication itswider acceptance.
Third, the study contributes to the literature on the resource-based
view of the ﬁrm (Jansen et al., 2006; Kogut & Zander, 1992) by identify-
ing and testing unique pathways throughwhichmanagers can enhance
their ﬁrm's ACAP, as well as pathways through which ACAP contributes
ultimately to the overall performance of the ﬁrm. Therefore, this study
constitutes a signiﬁcant contribution to enhancing our understanding
of the condition underlying ACAP's becoming a source of competitive
advantage (Cassiman & Veugelers, 2006; Escribano et al., 2009). This is
further enhanced by the ﬁndings of this study as regards the mediating
role of ACAP in the relationship between technological capability and
performance of the ﬁrm.
Finally, by researching these issues in a sample of SMEs from the
South Korean semiconductor industry, this study contributes con-
textually diverse evidence which helps enhance application of the
theory of absorptive capacity. Indeed, the study contributes to an
increasing body of literature on ACAP's outcomes (e.g., Arbussà &
Coenders, 2007; Fosfuri & Tribó, 2008; Lichtenthaler, 2009) by
adding empirical evidence from technology-intensive ﬁrms. More-
over, by concentrating on a unique context as reﬂected by the sample
of high-tech SMEs in the South Korean semiconductor industry, this
study contributes towards a more robust theory of ACAP.
5.2. Practical contributions
For managers of technology-intensive SMEs, there is a very useful
lesson alongside associated resource allocation guidance. That is, if
they wish to have the best possible performance for their ﬁrm, they
should navigate their ﬁrm's exploration and exploitation of external
knowledge effort through the lenses of a balanced approach to theirPlease cite this article as: Tzokas, N., et al., Absorptive capacity and perform
in high-tech SMEs, Industrial Marketing Management (2015), http://dx.doitechnological and customer relationship capability. Given the resource
consuming character of ACAP, TC and CRC, and the apparent resource
constraints of SMEs, managers will be able to better target their limited
resources and achieve the highest beneﬁts if they are guided by this
study's ﬁndings as regards the interplay of TC, CRC and ACAP. Indeed
instead of considering these as areas where expertise requires unique
resources to develop, it should be acknowledged that there are syner-
gies at play and multiplier effects through mediating relationships. For
knowledge management practitioners within technology-intensive
ﬁrm, the appreciation of the roles played by technological and customer
relationship capabilitymay allow them to engage better the expertise of
both technical and marketing functions of the ﬁrm in the exploration,
transformation and exploitation of external knowledge.
Appreciation of these unique inﬂuences of TC and CRC on ACAP will
help managers harnessing greater value from any effort to enhancing
their absorptive capacity and of course in doing so facilitate a more use-
ful dialogue among marketing, knowledge and technical areas in their
ﬁrms. Based on this research, the powerful argument that the more a
ﬁrm has a clear ability to produce technologically superior products
(TC) while capitalizing on a deep understanding of its customer base
(CRC), the higher will be its capacity to explore, integrate and exploit
(ACAP) external knowledge, and by implication the better its product,
market and ﬁnancial performance will be now seems not only logical
but clearly justiﬁable and demonstrable.
Practically speaking, ﬁrms seeking to enhance their performance
through their ACAPwould bewise to do so in tandemwith the develop-
ment of their technological and customer relationship capability.5.3. Limitations and future research directions
The results of this study and associated recommendations should be
approached in view of the study's limitations emanating mainly from
the type of its sampled ﬁrms and its snapshot nature. While the study
addressed the lack of research on ACAP within high-tech SMEs, it is
acknowledged that this reduces the generalizability of its results to
other types of ﬁrms and industries. Furthermore, despite strong theo-
retical support for our hypotheses, the snapshot nature of this study
directs us to recommend caution as regards causal inferences. To obtain
a true appreciation of cause and effect relationships between the various
constructs of this study, including performance, future researchers
should use longitudinal data.
Such a longitudinal study may also allow researchers to go one step
further and discover the inﬂuence of the actual processes used for
enhancing the absorptive capacity as well as the required resources
and associated conﬁguration of resources for enabling enhanced
performance.
Also, research on different technology-intensive industries and in
other parts of the world would further enhance our understanding
between ACAP and technological and customer relationship capability.ance: The role of customer relationship and technological capabilities
.org/10.1016/j.indmarman.2015.02.033
7N. Tzokas et al. / Industrial Marketing Management xxx (2015) xxx–xxxAnother valid research direction stems from ACAP's mediation role
in our study. This raises questions as regards to other organizational
constructs where ACAP may have a similar mediation effect. For exam-
ple, the interplay between the strategic posture of the ﬁrm, such as its
entrepreneurial orientation, and ACAP may provide additional insight
as regards the antecedents of ACAP and its impact upon the perfor-
mance of the ﬁrm. Notwithstanding here the research by Wales,
Parida, and Patel (2013), combining entrepreneurial orientation, the
technological and customer relationship capabilities of our research
alongside ACAP, may allow us to explain the diminishing returns of
ACAP. Particularly within high-tech small ﬁrms there is no doubt that
more research to discover the complementarities between ACAP and
other functional areas of the ﬁrm,may go someway to explain why de-
spite equally applicable resource constraints someﬁrms seem tomaster
success with their new product development program better than
others.
Appendix A. Items used in studied constructs
Technological capability [based on Tsai (2004), Ortega (2010), Zhou and Wu
(2010)]
Acquiring important technologies
Identifying new technology opportunities
Responding to technology changes
Mastering state of the art technologies
Customer relationship capability [based on Ryals (2005), Reinartz et al. (2004),
Reimann, Schilke and Thomas (2010)]
Strength of relationships with key customers
Customer loyalty
Understanding and responding to customer needs
Using customer knowledge to develop new products/services
Absorptive capacity [based on Jansen et al. (2005), Todorova and Durisin (2007),
Lichtenthaler (2009)]
Exploratory learning
We frequently scan the environment for new technologies.
We thoroughly observe technological trends.
We observe in detail external sources of new technologies.
We thoroughly collect industry information.
Transformative learning
We are proﬁcient in reactivating existing knowledge for new uses.
We quickly analyze and interpret changing market demands for our technologies.
New opportunities to serve our customers with existing technologies are quickly
understood.
Exploitative learning
We are proﬁcient in transforming technological knowledge into new products.
We regularly apply new technologies in new products.
We constantly consider how to better exploit new technologies.
We easily implement new technologies in new products.
Performance measures [based on Vorhies and Morgan (2005)]
NPD performance
The overall performance of our new product development program has met our
objectives
Our new product development program is proﬁtable
Compared with our major competitors our new product development program is
more successful
The new product development program in this ﬁrm is performing well
Market performance
Overall customer satisfaction
Delivering value to our customers
Delivering what our customers want
Retaining valued customers
Overall ﬁnancial performance
Overall business proﬁtability
Reaching ﬁnancial goals
Return on investment (ROI)
Return on sales (ROS)Please cite this article as: Tzokas, N., et al., Absorptive capacity and perform
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